DOCUMENT RESUME 



ED 342 681 



SE 052 865 



AUTHOR 
TITLE 

INSTITUTION 
SPONS AGENCY 

PUB DATE 
CONTRACT 
NOTE 
PUB TYPE 



EDRS PRICE 
DESCRIPTORS 



Kadel, Stephanie 

Problem-Centered Learning in Mathematics and Science. 
Hot Topics: Usable Research. 

SERVE: SouthEastern Regional Vision for Education. 

Office of Educational Research and improvement (ED) , 

Washington, DC. 

Feb 92 

RP91002010 

65p. 

Guides - Non-Classroom Use (055) — Tests/Evaluation 
Instruments (160) — Reports - Descriptive (141) 

MF01/PC03 Plus Postage. 

•Cognitive Style; Evaluation? Learning Strategies; 
Mathematics Education; -Problem Solving; -Program 
Descriptions; Resource Materials; Science Education; 
Teaching Methods 



ABSTRACT 

This document is intended as a resource and guide to 
help teachers integrate a problem-centered approach into their 
curricula. It outlines the typical components of problem-centered 
mathematics and science activities, and offers practical suggestions, 
examples, and resources to assist this endeavor. The first section of 
this document, "What is Problem-Centered Learning?", discusses how 
problem-centered learning is different from traditional methods of 
instruction, what problem-centered learning can do for students, and 
practical concerns from teachers. Section II, "How Can You Implement 
Problem-Centered Learning in Your Classroom?" , discusses posing 
appropriate questions, working in small groups, sharing as a whole 
class, and assessing student learning. The third section includes 
descriptions of resource materials-mathematics and science education 
programs, resource books and catalogs, textbooks and activity books, 
other publications, and human resources. Scattered throughout the 
document are sections entitled "Dynamite Ideas" that highlight 
exemplary, problem-centered learning programs from across the United 
States. This publication also discusses research details the need for 
and benefits of problem-centered learning. Questions that can be used 
to determine the learning styles of a class of students are appended. 
(40 references) (KR) 
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ABOUT SERVE AND THE HOT TOPICS SERIES 



SERVE, the SouthEastem RegiooarVision for Education, is a coalition of educators, 
business leaders, governors, and poBcymakers who are seeking comprehensive and 
lasting improvement invocation in Alabama, Florida, Georgia, Mississippi, North Carolina, 
and South Carotins . The name of the Laboratory reflects a commitment to creating a 
shared vision oJ-me future of education in the Southeast. 

The mission of SERVE is to provide leadership, support, and research to assist state and 
locui efforts in improving educational outcomes, especially for at-risk and rural students. 

Laboratory goals are to 

• address critical issues in the region, 

• work as a catalyst for positive change, 

• serve as a broker of exemplary research and practice, and 

• become an invaluable source of information for individuals working to promote systemic 
educational improvement. 

In order to focus the work of the laboratory and maximize its impact, SERVE will emphasize 
one of the national goals established by the President and National Governors' Association 
for regional attention each year: 



YEAR 1 
YEAR 2 
YEAR 3 
YEAR 4 
YEAR 5 



Improve Math, Science, and Computer Education 

Provide Safe, Drug-Free Schools 

Increase the Graduation Rate 

Improve Student Achievement and Citizenship 

Expand Adult Literacy and Lifelong Learning 



The remaining national goal, ensuring that all children are ready to begin school, is being 
addressed through a special, three-year project. 

SERVE offers a series of publications entitled Hot Topics: Usable Research. These 
research-based publications focus on issues of present relevance and importance in 
education in the region and are practical guidebooks for educators. Each is developed with 
input from experts in the field, is focused on a well-defined subject, and offers useful 
information, resources, descriptions of exemplary programs, and a list of contacts. 

Several Hot Topics are developed by SERVE each year. The following Hot Topics are now 
either presently available or under development: 

• Schools for the 2 1 st Century: New Roles for Teachers and Principals 

• Comprehensive School Improvement 

• Problem-Centered Learning in Mathematics and Science 

• Increasing Female and Minority Participation in Mathematics and Science 

• Parent and Community Involvement in Early Childhood Education 

• Facilitating Family Involvement for a Better Bottom Line: A Guidebook for Businesses 

» * ■ 
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• Cocaine Babtes: Coping in the Classroom with SubetaiKse-Exposed CNWren 

• Using Technology to Restructure Teaching and Learning 

• Learning By Serving: Service Learning and other School-Based Community Service 
Programs 

• Collaborating to Meet the Needs of Children, Famines, and Communities 

• Outcome-Based Education 

• Preventing Student Drug Use and Violence 

TO RECEIVE COPIES: To request publications or to join the SERVE mailing 1st (everyone 
on the mailing fist win receive announcements about Laboratory publications), contact the 
SERVE office in Tallahassee (address below). 

Collaboration and networking are at the heart of SERVES mission, and the Laboratory's 
structure is itself a model of collaboration. The Laboratory has tour offices in the region to 
better serve the needs of state and local education stakeholders. The contract 
management and research and development office Is located at the School of Education, 
University of North Carolina at Greensboro. The Laboratory's information office, affiliated 
with the Florida Department of Education, is located in Tallahassee. Field service offices 
are located in Atlanta, Greensboro, Tallahassee and on the campus of Doha State 
University in Cleveland, Mississippi. Addresses are provided below. 



SERVE 

P.O. Box 5367 
Greensboro, NC 27435 
919-334-3211; 800-755-3277 
FAX: 91 9-334-3268 

Roy Forbes, Executive Director 
Nick Nicholson, Deputy Director 

SERVE 

41 Marietta Street, NW 
Suite 1000 
Atlanta, GA 30303 
404-577-7737; 800-659-3204 
FAX: 404-577-7812 



SERVE 

345&Magnofa Drive, Suite D23 
Tallahassee, FL 32301-2950 
904-922-2300; 800-352-6001 
FAX: 904-922-2286 

Dorothy Routh, Deputy Director 



SERVE 

Delta State University 
Box 31 21 

Cleveland, MS 38733 
601-848-4400; 800-326-4548 
FAX: 601-846-4016 
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The primary purpose of educational reform Is to Improve the quality of teaching and 
learning in classrooms. The need for reform is especially urgent in mathematics and 
science because we must better prepare students to Ive and work in a rapidly changing, 
technological society. A recent survey of managers of one of this region's largest Ngh-tech 
employers concluded that this company's greatest demand was for people who can work in 
teams to solve problems. The focus of problem-centered learning is to encourage and 
enable students to work together to examine problems which may have muftipte or open- 
ended solutions— problems similar to those that students wiB face throughout their lives. 
While recognizing that this strategy could be used to teach individual students, small 
groups, or whole classes, this publication focuses on the research-endorsed method of 
problem-centered learning which uses small-group exploration and whole-class discussion 
to teach students new concepts and problem-solving skills. 



Problem-Centered Learning in Mathematics and Science is intended as a resource and 
guide to help teachers integrate a problem-centered approach into their curricula It 
outlines the typical components of problem-centered mathematics and science activities, 
and offers practical suggestions, examples, and resources to assist this endeavor. 
"Dynamite Ideas" highlight exemplary, problem-centered learning programs from across 
the nation. The teachers who practice this approach believe that they are teaching more 
effectively and that their students are teaming more. This Hot Topics publication also 
discusses research which details the need for and benefits of problem-centered learning. 



This document can be used by teachers, curriculum specialists, professional development 
coordinators, administrators, and teacher educators in implementing problem-centered 
teaming and encouraging others to practice It. Teachers should find the implementation 
suggestions and lesson examples useful in changing their approach to teaching 
mathematics and science. Those who plan staff development and inservice activities may 
use Information in this Hot Topics to design workshops on problem-centered (earning. 
Teacher educators could include this publication in suggested reading materials on 
mathematics or science teaching strategies. And administrators and others can use the 
information in this document to plan school- or system-wide improvements in the way 
mathematics and science are taught 



Research findings from psychology indicate that traditional methods of teaching— which 
view the student as a passive absorber of information who "teams" material through 
repeated practice and reinforcement—are not satisfactory for most contexts (Resnick, 
1987). Low scores on standardized tests seem to suggest that students at all levels are 
unable to make sense of number problems, though they have supposedly practiced and 
solved hundreds of them prior to tests ("Math Skills" 1991). Furthermore, scores on 
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stand»o3zed science tests suggest that students are not making sense of scionoe 
concepts or problem-solving strategies (Carnegie Foundation, 1983). The National 
Assessment of Educational Progress* (NAEP) report card on education in the nation found 
that one-third of eighth graders canrwtsoteproblerTO that have 
half of afl twelfth graders "appear to have M 

extend much beyond simple problem solving with whole numbers" (Mulls, Dossey, Owen, 
& Philips, 1991, pp. 7-6). These data cannot be ignored; tiadftkwdnrath«tec4ts*Brt^ 
rnathematics and science are faJSng to teach most students how to solve problems even 
though they wiB need this skill in order to function effectively in society. 

Robert Gagne (1980)— a long-time proponent of probiem-sorving instruction— believes that 
the •central poim of education is to teach people to think ... to become better problem 
solvers," and emphasizes that research on cognitive processes indcates that thinking and 
problem solving can be taught Gagne concludes, "If that is so, why are we not doing it?" 
(1980, p. 85). Many teachers are teaching their students to think and solve problems, but 
aff teachers can benefit from enriching their instruction with a problem-centered 
perspective. Problem-centered learning will provide teachers with a means of teaching 
their students to think, because it insists upon active participation by students which will 
help them to team and understand concepts in mathematics and science. 

The push is dearly on for improved achievement in mathematics and science. These 
subjects were recognized as so significant that they became the focus of one of our 
national goals. Teachers will be expected to revise their approaches to teaching these 
subjects. Fortunately, the methods involved in a problem-centered toning activity are not 
new to most mathematics and science teachers; teachers have long used methods such as 
hands-on (earning, problem solving, cooperative learning, and peer teaching, all of which 
are components of problem-centered teaming. Furthermore, problem-centered teaming is 
easy for teachers to use; it involves skills that most teachers have developed, such as 
asking open-ended questions, managing small groups, and facilitating discussions. 
Problem-centered teaming combines these methods and teaching skills into a construct for 
teaching mathematics and science. 



To have students discover how levers work 
and can be used. 

empty paint cans, screwdriver, board with nails 
in it, crowbar, unopened juice bottles, bottle 
opener, brick, board, pile of books 




Introduce a lever by explaining only that it is a kind of 
machine. 

Divide students into four groups (or more if you have more 
materials). 

Group 1: Students will try to open paint cans with a screw 
driver. 

Group 2: Students will try to remove nails from a board 
using a crowbar. 

Group 3: Students will try to open juice bottles using a 
bottle opener. 

Group 4: Students will try to lift a pile of books using a brick 
and board. 

Provide brief directions to each group, but do not tell them 

how to accompfish the task. 

After a short time, reconvene the whole class. 

Allow students to discuss their group experiences with the 

class. 

Encourage students to formulate a working definition of a 
lever. 
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The following text describes this lesson as it might take place: 

Ms. Johnson's third grade class was studying machines. The children had already 
discussed the purpose of machines and had decided that machines help people do work. 
The lesson for this day was on a simple machine, the lever. Ms Johnson introduced the 
term "lever and explained to the children that a lever was a kind of machine. She told 
them nothing more, but assigned groups of three or four students each to activity centers in 
the room. Each center required that students perform a task, such as remove nails from a 
board using a crowbar, open paint cans using a screwdriver, open juice bottles using a 
standard bottle opener, or lift a pile of books using a brick and a board. 

Although some of the students were famifiar with the various tools, many were not The 
group working with the screwdrivers and paint cans began by trying to pound the 
screwdriver through the Rds. Then one student remembered having seen his father open a 
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can of paint by prying up the Id. Once the students ffcuredoirtundw 
trie screwdriver, they opened ail of the cans on the table In short order. The students with 
the crowbar and nails had greater difficulty. None of the students to this group was 
familiar with the tool. They tried hooking the curved end under the nail, stanolng on the 
board and puffing up, but when even the strongest student in the group was 
unsuccessful they were moved to attempt a new strategy. Through trial and error, the 
group eventually discovered how to hook the crowbar under the naJI and push down on 
the other end of the crowbar to remove the nail. 

Similarly, the other groups tried various methods until each task had been completed 
successfully. Ms. .Johnson then reconvened the students for a whole-class discussion. 
Each group chose one representative to describe the experiences of that group. Ms. 
Johnson prompted the class to discuss the similarities of the various methods and 
suggest what they thought a lever was. The children negotiated the meaning of each 
other's explanation and related it to their own observations. Ms. Johnson accepted 
each child's contribution. By the end of the period most of the children were able to 
explain in their own words a simple rule for how a lever works. 

Throughout this activity and the activities that followed on other days, Ms. Johnson 
avoided giving children a definition of a lever, yet they had a good, 'Working" 
understanding of what a lever was ami how it worked. 



This example illustrates most of the components of a typical problem-centered activity, 
and will help define problem-centered teaming more dearly; information on how to 
design problem-centered lessons Is presented in Section II. While this example takes 
place in an elementary classroom, the components of problem-centered (earning which 
are demonstrated in this scenario are applicable at all grade levels. 

Problem-centered learning relies upon small-group interaction and whole-class 
negotiation to explore and develop solutions to problems. Problem-centered teaming is 
especially relevant to mathematics and science teaching because it promotes the 
development of problem-solving skills through exploration and discovery. In many 
situations individuals approach a new task with prior knowledge; as they assimilate new 
information with what they already know, they actively make sense of experiences in 
their own way. Problem-centered teaming encourages students to use this process 
when they are starting to learn new material, or when they are looking for answers to 
their own questions about how the world works. 

Most students enter school with an endless list of questions about the world around 
them; they are natural scientists. The kinds of questions that students ask every day 
provide clues about what they think is interesting and important. Problem-centered 
learning allows teachers to use this information to design lessons which will help 
students find answers to some of their questions. 



13 

4 



At University Race Elementary m Tuscaloosa, Alabama, Susan 
Smithes mixedijmd©, at-risk students ana encouraged to explore 
questions that interest them. For example, one morning students 
discovered thai some baby sorrels had fallen out of a nest; the 
students were worried about the squirrels and thought that the 
mother squirrel should have buHt a better nest. Ms. Smith 
challenged the students to by to build nests that would better hold 
baby squirrels. Teams of students were expected to work on this 
project outside and to be able to pick up their completed nests and 
show them to the other groups. The students soon fourid that 
certain materials cBd not work very well, and that it was not easy to 
build a stable nest which they could pick up. One group arranged 
materials on top of a targe piece of bark, while another group used 
a cement block. For a follow-up activity, the class went to the 
library to find books about squirrels and nest building. 
CONTACT INFORMATION: University Place Elementary School, 
221 18th Street, Tuscaloosa (Tuscaloosa City Schools), AL 35401 ; 
(205) 759-3664 



When mathematics and science teachers speak of their 
goals for student learning, they often emphasize the 
importance of helping students develop problem-solving 
skills. Indeed, this goal has been long-standing among 
science and mathematics educators and scholars 
(National Council of Supervisors of Mathematics, 1977; 
National Research Council, 1989; Champagne, Lovitts, & 
Calinger, 1990; Loucks-Horsley et ah, 1990). In 1989, 
the National Council of Teachers of Mathematics 
specified curriculum standards for school mathematics in 
which the use of "problem-solving approaches to 
investigate and understand mathematical content" is 
identified as essential in teaching students to become 
productive citizens (p. 23). In addition, Project 2061: 
Science for AH Americans (American Association for the 
Advancement of Science, 1 989) asserts that young 
people learn best through hands-on, problem-centered 
activities. 



How is Problem' 
Centered Learning 
Different from 
Traditional Methods 
of Instruction? 



With the 1991 NAEP results reveaHng that many students can solve only the simplest 
math and science problems (MuHis, Dossey, Owen, & Philips, 1991), It seems clear that 
existing mathematics and science teaching methods are not meeting expectations. 
Problem-centered (earning gives students a process and framework for problem solving, 
while introducing concepts and theories. 




Several components of problem-centered (earning dfferentiate it from traditional 
methods. A problem-centered learning approach teaches students three important 
teaming skills: 

A. to discover concepts and solve problems— instead of simply reading facts 
and then answering textbook questions or completing workbook exercises, 

B. to think— not Just to memorize, and 

C. to cooperate in small groups— not to compete against each other. 
A. Teaching Students to Solve Problems 

To state mat schools need to prepare students to solve problems seems obvious, yet, in 
the traditional mathematics or science classroom, meaningful and transferable problem- 
solving instruction rarely takes place. The textbook remains the primary teaching 
resource, but most textbooks presently in use actually serve as barriers to teaching 
effective problem solving. On a first examination of typical science and mathematics 
textbooks, it appears that students are practicing problem-solving skills with every 
assignment. Such textbooks seem to be filled with "problems'' for students to solve; in 
most mathematics texts one finds page after page of number and word problems, and 
science textbooks present students with problems to which concepts must be applied to 



obtain a solution. However, many of these "problems" could more accurately be termed 
exercises; most are assigned after a period of ruto-oriented instruction, and merely 
require students to identify and apply a prescribed procedure in order to reach a single 
solution. In nearly ail cases students learn that there Is generally only one right answer 
and one specified, correct way to obtain it. If students cannot remember and apply the 
rule or algorithm, they cannot solve the problem. 

To be sure, direct instruction and rote learning are inseparable components of 
mathematics and science education. In order to advance to higher levels of thinking 
and problem solving, basic concepts and ideas must be explained, learned, and 
remembered. For example, students win not succeed in algebra if they have not 
memorized basic axioms such as the "R-S-T" (reflexive, symmetric, and transitive) 
properties. However, most concepts and ideas that should be teamed in mathematics 
and science may be more interesting, more easily applied, and better remembered if 
they have been learned through exploration and cflscovery. When a problem-centered 
approach to learning mathematics and science is used, students who forger how to do 
a problem are able to regenerate an appropriate set of steps to obtain a solution. 
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DYN&MJTE IDEA - South Carolina's Learning Cycle 



In 1990, the 'Southed 

document entitled BSAP Science: Teaching Through Inquiry which 

and higher order WnWng." This approach, which they call the 
learning Cycle, 
phase, 

investigate new concepts, 
students share their 
and 

application phase, students 
information 





During the exploration 
use hands-on experiences to 
concept development phase, 
ph each other, took for patterns, 
; During trie concept 

using the 
trie previous phases. The 
In this last phase to begin 
continues. The teaming 



exploration of new concepts; 

Cycle Is being used successfully tri classrooms throughout South 
CaroSna to design and teach lesions in science. 
CONTACT I (FORMATION: Lynn T. Altman, Science Consultant 
^outh CaroSna pepartm^^ 29201 

(803)734-8390; 



B. Teaching Students to Think 

Students who participate in problem-centered activities in school are teaming to develop 
and apply thinking skills because they are expected to utilize their own resources and 
experiences when approaching new situations. Beyer (1987) asserts that teaching 
students to think helps them to do better academically and stay in school. When students 
understand the skills they need to "puzzle out" new concepts and accomplish tasks in the 
classroom, they achieve more and develop greater self-confidence about their ability to 



succeed. Learning to think is especially important In this information age because, as 
Beyer (1987) points out, "Exclusive reSance on past information and knowledge derived 
from It appears to be increasingly shaky as a basis for dealing with the fast changing . . . 
[wono] In which we irve* (p. 4). However, if students have teamed how to think and 
reason, they wH) be better able to process new information and ideas. Problem- 
centered teaming also helps students become task-oriented rather than performance- 
oriented, because It demonstrates that learning can be fun and teaches concepts and 
skills which students can apply to situations outside of school (Atkinson, 1958; Nteholls, 
1983). 



DYNAMITE IDEA - ITiinksnu lo Solve Pi 6b! ems 




7360 



C. Teaching Students to Cooperate 

Students and teachers in a problem-centered classroom are cooperative partners in the 
process of exploration and discovery. Students are not worried about "doing it wrong," 
and look to the teacher and other students for new ideas, not evaluation. Students do 
not interrupt one another and suspend judgement of each others' ideas during 
discussion (Kamii & Lewis, 1990). They are involved In Information processing, rather 
than only information teiiing or receiving" (Beyer, 1987, p. 67). Teachers' roles and 
behaviors change as well. Teachers are wiling to discuss questions to which no 
definite answers may be available. Teachers offer alternatives that invite students to 
investigate further or elaborate on ideas. Teachers (and their students) are willing to 
submit textbooks, other resources, and their own views to critical examination (Beyer, 
1987). 
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Helping students cooperate, < 
self-confidence are ■ 

teacher at village Oate Elementary Hi tmmokaiee, Rorida 
Florence DiStefano (along with other teachers to her school) was 
given an introduction to problem-centered learning approaches by 
staff at the University of Mam), ami now uses problem solving and 
student groups to teach new niatheniatics ideas. &ts focuses 




and manipulative* regularly. Learning to cooperate is encouraged 
by grouping students who Ms. DiStefano believes TOnl 
communicate weB together." For example, she once put her four 
usually uncooperative group members together tor a problem- 
solving activity where they were to design a pattern. They found 
the solution before any other group. Ms. DiStefano befieves that 
when these students were unable to step back and rety on 
someone etee, they discovered not only a solution, but abilities that 




CONTACT Wr^Of»«AT«»«: ¥»|$e Oaks Elementary School, 1 501 
State Rt 29, Immbkaiee '(d^Wibbtinty). FL 33934; (613) 
657-5115 



It is evident that problem-centered learning expects teachers and students to do things 
differently than in a traditional classroom. Wheatiey (1991 ) outlines the components of 
a problem-centered lesson: 

In preparing for class a teacher selects tasks which have a high probability 
of being problematical for students— tasks which may cause students to 
find a problem. Secondly, the students work on these tasks in small 
groups. During tNs time the teacher attempts to convey collaborative 
work as a goal Finally, the class is convened as a whole for a time of 
sharing. Groups present their solutions to the class, not to the teacher, for 
discussion. The role of the teacher in these discussions is that of 
facilitator and every effort is made to be nonjudgmental and encouraging, 
(pp. 15-16) 

Teachers are the key to effective problem-centered learning, but they will be even more 
successful if they are encouraged by administrators to try problem-centered 
approaches. New programs can be designed which recognize the importance of 
teaching students to think and solve problems, and which allow and encourage teachers 
to implement problem-centered learning. These teachers will 'search for increases in 
diversity and creativity in student responses as they provide a safe, nonjudgmental 
classroom environment in which students can risk verbalizing innovative ideas" (Costa 
ALowery, 1989, p. 4). 



We have already seen some of the benefits of problem- 
centered (earning for students: 

• They team to view mathematics and science as meaningful 
activities, and are Intrinsically motivated to learn these subjects. 

• They become more confident in their ability to team 
mathematics and science material. 

• They team to work with each other and the teacher to explore 
and analyze new information. 

• They team to apply their problem-solving skills to difficult or new 
activities within the classroom and outside of school. 



Other benefits relate to specific aspects of a problem-centered approach. Small-group 
activities, for instance, boast academic and social advantages over inolviduaJzed seatwork. 
By working in small groups, students obtain support from one another as they learn. Small 
group activities are designed to help ail members of the group succeed — not just the tew 
talented IncfividuaJs who have always performed well— and can be applied at any grade 
level of science and mathematics curricula, and in all major topics vvithin those cBscipflnes 
(SJavin, 1985). According to Cobb et al (1991), certain social norms exist in and are 
necessary for effective, small-group, pfobtem-soMng tasks: 

• persisting to solve personally challenging pro items, 

• explaining personal solutions to . . . partnerfs], 

• listening to and trying to make sense of a partner's explanation, [and] 

• attempting to achieve consensus about an answer (p. 7). 
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Students working In cooperative groups develop Important social skills: 

• greater self-awareness and self-acceptance, 

• more positive self-esteem, 

• better social skills, 

• better inter-group relations, 

• increased social acceptance of low-ability students, and 

• better communication skills with one another arid with the teacher 
(Brilhart, 1986; Davidson, 1985; Johnson, Johnson, & Maruyama, 1983; 
Webb, 1985; Wheatley, 1991). 

Students also benefit from whole-class discussions: 

• Students may learn to explain their own methods better; they "elaborate and 
refine their thinking and deepen their understanding" (Wheatley, 1 991 , p. 1 9). 

• Through conversation with others, students begin to develop conversations 
within themselves; in the future, they will be able to include the results of 
interna) dialogue in the problem-solving process. 

• Students learn to make decisions for themselves about solutions by choosing 
among many seemingly acceptable possibilities. 

• Students participate in discussions which model professional problem-solving 
conversations; this reinforces problem-centered learning as good preparation 
for life after school (Wheatley, 1984, 1991). 

The benefits of problem-centered learning are many. The challenge that mathematics 
and science teachers face, then, is integrating problem-centered learning into their 
curricula. 



DYNAMITE IDEA - Students Learn to Like Like to Learn Science 




Teachers at Oakbrook Elementary in Ladson, South Carolina are 
using a hands-on science program which teaches students to 
cooperate and solve pn&e^wMIe Improving their enjoyment of 
science. The teachersand Ihe principal, Becky Steecfly, conducted 
a survey at theib^ntog 6f^s«hoolyear which found that 
science was the students'least favorite school subject However, 
after a year of hands-on, sma*gieup activities, a second survey 
found thai sclefte* ft*ise<^ favorite subject. 

Martha Panlsn^ 




through solving 
to Increase 
CONTACT 

<80*)821-il«$ 




as a paper 
incepts 

(such as i how to add weight to an airplane 



Oaj&rook Elementary Softool, 4700 
(Dorchester County), SC 29456 
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Teachers who want to try prottenvcentered framing will have 
many questions: 

• What problems are appropriate for problem-centered 
teaming? 

• How might a teacher design a lesson using small groups, 
and how can the groups be best managed? 

• What strategies can a teacher use to conduct a whole- 
class, problem-solving discussion? 

• How does a teacher assess student learning after a 
problem-centered activity? 

• What materials are required to conduct a problem- 
centered lesson? 

• How does a teacher use present textbooks to teach with 
a problem-centered perspective? 

• Will a teacher who implements problem-centered learning 
still be able to cover the entire curriculum? 

• How can the teacher gamer support for this approach 
from administration and colleagues? 

• How does a teacher ensure that ail students participate 
and contribute positively to the activities of a problem- 
centered lesson? 

implementing new teaching strategy is a gradual process, it takes time for teachers and 
students to feel comfortable with any new method, and teachers should not feel 
compelled to incorporate a problem-centered approach into every lesson, right away. 
Instead, a transition process should emerge, through which teachers try one component 
(such as small-group exploration) and then another (such as an alternative form of 
assessment), until entire problem-centered lessons take shape. Although some 
textbooks are being published which may aid the teacher in implementing problem- 
centered learning, most textbooks and materials do not emphasize this approach, and 
teachers may need to be creative in revising, refccusing, and reordering lessons and 
course materials. Teachers will also be challenged to identify tasks that embody certain 
concepts of mathematics or science, and that will also be problematic for students. 

Some of the questions that teachers may have about how to use problem-centered 
learning wilt be addressed in the following section. But, teachers are bound to have 
concerns about how to succeed with a problem-centered approach when so many 
possible obstacles exist. This subsection wilt discuss some of these obstacles and 
provide suggestions lor how to address them. Of course, teachers cannot be expected 
to find resolutions in a vaccuum. Successful implementation of problem-centered 
learning will take the combined efforts of teachers, administrators, staff development 
coordinators, and students. Many aspects of the teaming environment will need to be 
considered in order to teach with a problem-centered perspective: 
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each student's level of cognitive development end preferred teeming style 
This information is critical when choosing problems that all students will be able to 
solve, or when divining students into productive, small groups. Teachers can group 
together high- and low-achieving students so that students can help one another. Other 
teachers have found that placing students of similar achievement levels into the same 
group works well because they learn to depend upon each other. Grouping students 
with the same or different learning styles also change the dynamics of a group. 
Teachers may want to try different combinations of students, as well as activities which 
vary in their degree of difficulty, so that each problem-centered lesson requires the 
development of different problem-solving and cooperative-learning skills. (See the 
AppencSx for more about learning styles and for some suggested learning styles 
inventories.) 



er|c 




DYNAMITE IDEA - Grouping Students According to looming 
Styles 



Teresa Dollar, a 
m 



Shelby County High 




contsrsd ftdMifaNk 

styles inventory in order to And out whether each student prefers to 
learn thir^vefbe%»aio%Mte8y. or thioijg^hands-<mactMtles. Ms. 
Dollar uses this krtowte<^, and Wdrmation about their cognitive 
abilities, to group stuo^nteto^ One 
yearsheusedageome^te^e^^ An 
too\xthnAiw^&^ not define concepts; 

words and cflscover geoinetrWconcepts. Students initially complained 
that the book tloesnt tall nw ai^itgrbiJtnr^rrwans they're 
thinking; explained Ms. Oolar; (See Section H!-Resources for more 

CONTACT iNFOfti^^ School, 101 

Washington Street, ColUfTib^ (205) 
669-5640 

discipline problems when working with smell groups 

Suggestions are presented in the next section which will help teachers manage small- 
and whole-group experiences. Choosing activities which will keep students interested 
and busy enough to remain on task will help, as well as grouping students in ways 
which minimize disruption. However, teachers may find that problem-centered learning 
works better when students feel free to move around and talk to one another. It is 
important to be sure that all students participate, but this can be difficult with students 
who have behavior problems or who have neglected other assignments. Teachers may 
find that problem-centered learning promotes active participation of students who 
normally do not enjoy school or do not complete assigned tasks. A teacher may want to 
enlist the help of other group members to encourage a student to participate. 
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too Itttie time, *rb? too much content 

Tte lack of time in the school day or ciara Seoondafy teachers 

often complain that a divided day prevents effective long-term project 
feel the pressure to ■fcoverthe content" The example on paQes 21-23 provides one 
suggestion on how to structure a n^n^ project at fte secondary level The success of 
problem-centered teaming activities depeno* on setting eskJe enough time to w^ 
concepts In depth. Acconfing to Raizen et a!. (1989). 'Giving students (or teachers) a 
choice in the problems students w$ be asked to solve acknowledge tr* fart 
everything has to be covered. A premium is placed on depth of coverage— on problems 
with many parts... that require depth of understandmg"(p,61). Prefect 2061: Science for 
^Amencans concurs: "schools do not need to be asked to teach more and more content 
but rafoertolccus cm what is essential^ 

(p. 4). Because students will be teaming skills— such as working cooperatively and solving 
probtems—as wefl as content, they win be developing the rapacity to explore new concepts 
even after they have left the classroom "It may be toss critical to leave out some topics 
while covering others more fully than to try to cover everytNnget the expense of the lajger 
goals" (rvany & Wassermann, 1988, p. 293). 




Mr of energy or resource* to create new leeeone 
Suggestions and examples in the following section will show that problem-centered 
teaming does not necessitate more planning or gathering of materials than a traditional 
approach. Modifying lessons white still using existing textbooks and past activities can 
easily produce a problem-centered lesson. Section ill provides a Rat of teaching 
programs, resource guides, and activity books which can assist in planning problem- 
centered lessons. 
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lack of school or district support for Instructional change 
White It is only through practice that a teacher can demonstrate the success of a 
teaching strategy, research results give substantial support to the success of problem- 
centered learning. Research also reveals, however, the difficulty teachers have in 
implementing lasting improvements in their instruction without support from coHeagues, 
principals, and district administrators ("Squaring the Root," 1991). Given this fact, staff 
development coordinators can encourage administrators and teachers torn the same 
school to attend a workshop on problem-centered teaming so that they can promote 
similar goals at the school and provide long-term support to one another, it is also 
important tor administrators to encourage teachers to share successful lesson ideas or 
strategies. 



DYNAMITE IDEA - ' Mathematics ioi the Twenty-First Century'" 



Teachers at Potest Acres Bementary m Easley, South Garolna are 
encouraged to use thecempone^ in 
their -Mathematics lor the TVwn^-Rrst Century* project The main 
characteristics of the program include using maniputetives, "setting 
up hands-on situations where students have opportunities to 
explore and discover" asking questions which require students to 
think and reason and wWch may have more than one answer, and 
encouraging communication through dscusslons and cooperative 
learning. The progiam^e^te^ 

r^lpcr^n value inathe^^ more excited about 

learning, while preparing them for work in twenty-first century 
society. 

CONTACT INFORMATION: Patty Smith, Elementary Mathematics 
Specialist, Forest Acres Elementary School, Easley (Pickens 
County), SC (803) 855-7865 



After becoming familiar with the components of a problem-centered lesson, teachers 
can begin to think about ways to incorporate these components and may revise their 
approach to teaching new concepts. Implementation will evolve slowly; components will 
be included piece by piece, as teachers connect this method to what they are already 
doing in the classroom and overcome the obstacles to successful, problem-centered 
learning. However, it is hoped that eventual ty problem-centered learning will become a 
prominent strategy in mathematics and science classrooms, and that teachers will 
employ a problem-centered approach when designing each new unit. In other words, 
even though adopting problem-centered teaming can bring about revolutionary change 
in the classroom, your best path to success is through an evolutionary process. Section 
II discusses the components of a problem-centered lesson and can be used as a guide 
to implementation. 
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Research and practice have shown thai while problem-centered 
learning can take many forms successfully, It has four main 
components whteh serve as a genera), sequential framework. 
This section explains these components, and provides 
suggestions for teachers on how to apply them In teaching 
mathematics and science. Teachers need not'feei Bmtted to 
implementing problem-centered teaming using this model, but this 
structure will provide guidance for planning and practicing 
problem-centered lessons. Concrete examples and "Dynamite 
Ideas" provide further suggestions for action. Each component 
description aJso includes a summary of a teachers' typical 
responsibilities during that part of the lesson. The four 
components are listed below, with brief descriptions of what 
happens during each: 

1) Posing Appropriate Problems 

Engages the students in an invitation to team. This process 
begins with a question or task from the teacher or with a 
student's spontaneous question. 

2) Working In Small Groups 

Engages the students in exploration, discovery, and creation of 
ideas. Students try to answer questions or solve problems 
using materials they have collected or that have been provided 
by the teacher. 

3) Sharing as a Whole Class 

Allows students to propose explanations and solutions based 
on their own explorations. Students persuade themselves, as 
well as their peers, that solutions and new concepts they have 
generated are based on convincing data from their activities. 

4) Assessing Student Learning 

Evaluates how wen students have teamed the skills and 
concepts that are the goals of a lesson. Alternative 
assessments allow students to demonstrate that they have 
integrated the new Information into their existing conceptual 
frameworks (Loucks-Horsley et al., 1990). 



1- Posing Appropriate Problems 



Problem-centered activities begin with the posing of a question or problem. In order for 
teachers to properly implement this beginning phase of problem-centered lessons, they 
need to consider the following: 

A. characteristics of appropriate problems, 

B. possibilities for modifying traditional problems/exercises, and 

C. the teacher's responsibilities. 

A. Characteristics of Appropriate Problems 

Any problem which is introduced should be viewed as a problem by the students. When 
students are expected to formulate and recognize the right problem to address a 
question, they are learning a key step of the problem-solving process (PoHak, 1978). 
Appropriate problems must also entice students to explore solutions. Questions and 
problematic tasks that relate to the students* personal experiences or interests are 
usually the most motivating (Cheves & Parks, 1984). McKnight (1989) and Wheatley 
(1991 ) s jggest some characteristics of appropriate problems for students: 

Problem-centered activities should 

• be accessible to everyone at the start of the lesson, 

• be interesting to the students and related to their actual experiences, 

• encourage students to form hypotheses, 

• encourage students to use their own methods to modify or transform the 
materials, 

• promote discussion, 

• have identifiable patterns, 

• have an element of surprise, 

• invite students to make decisions, 

• have different levels of solutions which can be reached and which students can 
recognize, and 

• be extendable to future classroom activities or to situations outside of school. 




DYNAMITE IDEA - A Problem With Multiple Solutions 




The 

New Standards 
Center on Education 
and Development Center 
problem 
ho 

solve the problem 




(deemed by a team of teachers for the 
iftjbftn program of the National 
, and the teaming Research 

of Pittsburgh), the 
ij> mathematics students, and has 
can wor* In groups to 
to the class. 




Problem: 

You work in the purchasing department of the PERK Corporation. 
You are given the responstbffity to write a report supporting your 
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B. Modifying Traditional Problems 

With some creativity and planning, a teacher can use problems from traditional lessons 
to introduce a problem-centered activity. The teacher can* for instance, try the following 
modifications: 

• move word problems or post-lab nuestions from the end of a lecture, lab, or 
unit to the beginning of it, 

• re-word exercises in textbooks to make them more relevant to students' 
current Interests, 

• modify laboratory activities to include more materials than would be 
necessary for the expected result, or 

• expand word problems to allow for a variety of solutions. 

For example, one traditional biology laboratory activity, designed to demonstrate to 
students the effects of osmosis on living cells, was modified to challenge students and 
engage them In a real, problem-solving activity. The original activity was designed to be 
used as a follow-up to a lecture/cfiscussion of the process of osmosis. The laboratory 
manual provides exact procedural olrections— incluolng what solutions to use (salty and 
dstiBed water) and what measurements to take— to determine the effects of osmosis on 
a potato core. After performing the osmosis, the students are asked a series of 
questions and must describe what they think happened to the core and why the 
measurements changed. 

This lab does not challenge the students to engage in problem solving; it only asks them 
to follow Directions. Most of the students already know what should happen because 
they have previously been told about the effects of salty and distilled water on living 
cete. Thus, the results of the experiment will not be a surprise, nor is there likely to be 
a variety of results or answers unless a student makes a mistake In the procedure. 
Because the procedure is specified, students are not given an opportunity to explore 
their own ideas. Furthermore, any discussion about the experiment will relate to making 
sure that the single right answer to each question is achieved. 




Using this iesson, the following changes could be made to develop a problem-centered 
activity: 

• introduce the activity In the form of a problem prtor to beginning any dscusston of 
osmosis or <Sffusk>n in the classroom, 

• provide a variety of solutes, vegetables (inclucSng marine vegetation), and other 
materials tor students* use in exploring osmosis, 

• challenge the student groups to design an experiment to find out how to make a 
piece of vegetable matter change size and to demonstrate the change in some 
measurable way, and 

• encourage the students, during discussion, to think of examples of osmosis from 
their previous experiences (such as one's skin wrinkling after sustained immersion 
in water). 

C. The Teacher's Responsibilities 

The teacher is responsible for assuring that problems are appropriate, and that lessons are 
properly modified to encourage discovery. However, the teacher may also want to include 
students in the posing of problems. In order to take advantage of students' curiosity, a 
teacher could gather questions or ideas from students about a certain topic, and then 
incorporate them into a future lesson plan. Or students could suggest activities that may 
help them find an answer to a student's question, and the teacher could try to obtain the 
necessary materials to allow students to try one of these activities. Teachers can also 
allow students to choose their own topics for group projects. 



DYNAMITE IDEA - Students Design Their Own Mnthomotics 
Projects _ 



Student part&pants in the mathematics department of the Georgia 
Governor's Honora Program are given a chance to pose and solve 
problems of their own choosing. The program is a six-week, 
summer camp that allows selected secondary students to focus on 
a subject area that Interests them. In the first four weeks, students 
teamed about particular rrwtr^rnaticat tools and procedures, and 
practiced ttMng^ ^ in the last two 

weeks, however, students were able to work m groups on 
mathematical problems thai they designed themselves. Some 
were abstract queadonsabd^ eolations, while 

others ufiftted camp experiences to create projects, such as a 
roommate cempat&Bty survey, Dennis Stewart, whoolrectedthe 
rnamematics group fast summer, believes that a3l the students used 
this activity to ptoSfce rnatr^matical skins and apply the tools that 
they had been taught 

CONTACT INFORMATION: Lonnle Love, Administrator of Gifted 
Programs, Geottfa Depajtment o* Education, 2050 Twin Towers 
East, Atlanta, GA 30334-5040; (404) 656-2415 





After a problem or question has been posed and clarified, students are ready to work In 
small groups to explore solutions. This stage can provide excellent preparation for the 
work world becmise working together In gro^ w problems provide students with 
opportunities that are similar to the experiences encountered by mathematicians and 
scientists In their professions (Johnson & Johnson, 1989). Groups erf professionals 
work together to conduct pure research, or are employed as teams by techrwlogk^ and 
scientific Industries to work on problems of interest to the Industry. This Is because, as 
Brilhai (1986) points out "groups ... are more effective problem solvers in the long run 
than are the indvkxials" (p. 8). Learning to apply and appreciate mathematics and 
science concepts, then, should involve cooperative group work that promotes an 
understanding of how such concepts are created and used in the world which students 
will face when they leave school. 

When teachers consider implementing small-group work, the following information may 
be helpful: 

A. the characteristics of effective, small-group learning, 

B. the steps involved in creating a small-group activity, and 

C. the teacher's responsibilities before and during a small-group activity. 

A. Characteristics cv Effective, Small-Group Learning 

A sma^-group experience is mo?>» effective when it Is designed to give students 
autonomy in choosing a course of action, and when it allows students enough time to 
explore more than one method to solve a problem Brilhart (1986) suggests some 
necessary ingredients for effective, group problem solving: 

• group members should bring diverse experiences, knowledge, and skills to the 
task, 

• resources and materials for solving the problem should be available, 

• an appropriate setting for productive work should be provided, and 

• members should feel committed to solving the problem. 

A teacher can help to satisfy these conditions by grouping students appropriately, 
gathering materials in advance, arranging the classroom properly, and choosing 
problems that are meaningful to students. 
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(Choctaw County). AL 36904; (205)459-3520 



B. Creating a Small-Group Activity 

When designing a problem-centered learning activity, the teacher will want to prepare 
carefully for the small-group exploration phase to assure that the lesson runs as 
smoothly as possible. In Circles of Learning: Cooperation in the Classroom (Johnson, 
Johnson, Holubec, & Roy, 1984), the authors suggest five tasks for teachers to consider 
as they implement group activities. These tasks are presented below along with related 
questions that may help in the planning process. Each task is further clarified by an 
example from a high school chemistry lesson which was created by Karen Robblee, a 
teacher in Raleigh, North Carolina (Robblee, 1991). 

1 . Clearly specify the objectives for the lesson. 

a. What are the academic objectives and at what level are they to be achieved? 

b. What collaborative skills objectives will be emphasized? 

Ms. Robblee designed a problem-centered lesson because she wanted 
her students to master stoichiometry problems, white participating more in 
the learning process and working cooperatively. She hoped that they 
would learn to enjoy chemistry more and see its relevance. Lastly, she 
was looking for a teaching method mat would help her get control of an 
increasingly disruptive class of students who mostly 'preferred to talk with 
their friends or ask distracting questions" (p. 20). The assignment tor each 
group was to represent a company mat manufactured and sold hydrogen 
gas, and to submit bids to a customer (the teacher) of the best three ways 
to produce a large supply of hydrogen for use in manufacturing ammonia. 
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2. mm mm o m ■bo ut placing students In touring g rou ps mow the toseon 

a. What size group wlfl bo most effective tor the time and materials available? 

b. Who should be placed in each group and what criteria should be used tor 
placement? Or should students be aBowed to form their own groups? 

c How long should the groups stay together? 

d. How should the room be arranged to taditate collaborative interaction? 

e. How should materials be detrttwted to help students understand that they are 
in a situation that requires imerdependence? 

f. Which students should be assigned what tasks? 

g. How will the groups be managed to maintain order and encourage maximum 
Interaction? 

Ms. Robblee decided that gmups of students who dd not ortinarity 
internet wouk/ work best, because ttwy would be 'more likely to focus on 
the assignment rattier man their plans for the weekend" (p. 20). The 
groups consisted of four members each, and Ms. Robbfee explained that 
each member would assume a oWerent role in the probfem-soMng task; 
each student would be foe manager of either marketing, rmnufacturirrg, 
quaSty control, or personnel The final bids were due three days after the 
activity began, so groups, worked together for most of three class periods. 
No laboratory materials were required for this assignment. 

3, dearly explain the task, goal structure, and learning activity to the 
students. 

a. How much instruction do students need to understand what to do? 

b. Whatform wW the final product produced by the group take— a single written 
report or paper, an oral report, a model? 

c How will each member be held accountable for his/her own learning? 

d. What win be the criteria for success? 

e. How will cooperation be defined in terms of behavior that is appropriate tor 
group members? 

In Ms. Robblee's class, students were at first daunted by the complexity of 
the problem, and required a lot of encouragement and guidance from their 
teacher. But with some suggestions for steps to follow (brainstorming, 
narrowing possibilities, evaluating ideas), students became challenged by 
the problem, and some rejected offers of assistance from the teacher. At 
the end of each class period, individual students put their work into folders 
which were given to the teacher in a team envelope. This allowed Ms. 
Robblee to check each students work. At the end of the project, each 
team submitted a single bid. The team which best met ail the 
requirements of the activity received crocSt for one homework assignment, 
but each team received an award for a particular strength of their bid 
(such as a Safety Award). 
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4. Monitor the effectiveness of the cooperative teaming groups and Intervene 
to provide task assistance or to Increase students' Interpersonal and group 
skins. 

a What means will be used by teachers and students to monitor cooperation? 

b. What kind of assistance should the teacher provide when answering 
questions or interacting with the group in other ways? 

c. What interventions by the teacher are appropriate when group cooperation 
goes awry? 

The team envelope, which was submitted at (he end of each class period, 
allowed Ms. Robblee to monitor the group's progress and ability to 
coordinate efforts. During the cktss period, she 'circulated about the room 
answering questions and verifying the accuracy of [student] calculations' 
(p. 23). In addition, the team "Personnel Manager" was expected to 
promote cooperation and provide encouragement to the rest of the team 

5. Encourage students' achievement and help students discuss how wall they 
collaborated with each other. 

a What is the best way for students to evaluate their own group interaction? 

b. Should the whole class be involved in discussing the quality of group 
interactions? 

c. How much time should be allotted to discussing group functioning? 

Ms. Robblee assessed students' attitudes about the assignment and 
about cooperative learning by talking to individuals or the whole class 
during and after the activity. One student observed that, "People who 
don't usually do anything are helping." Another said, This sure beats 
class notes" (p. 23). When the activity was completed, Ms. Robblee 
believed that her students had "teamed new ways of sharing information 
and learning from each other" (p. 23). 

CONTACT INFORMATION: Karen M. Robblee, Millbrook High School, 
Raleigh, (Wake County), NC (919) 850-8787. 




C The Teacher's Responsibilities 

Teachers who integrate small-group activities into their instruction assume new and 
enhanced rotes from those in a more traditional classroom: 



• they teach students co ope r at ive skills; 

• they model communication skiiis, such as olscussion, elaboration, acceptance of 
cfiverse views, and negotiation of meaning; 

• they establish an appropriate environment for exploration, In which students are 
allowed to work proouctively in small groups without constant monitoring (Cobb et 
aL, 1991); 

• they encourage persistence among group members, so that students arrive at 
solutions which make sense to all of them; and 

• they evaluate the task in light of their goals for the lesson, and make any necessary 
modifications. 



While student autonomy should be encouraged, the teacher can provide guidance and 
morftoring of groups to assure that each student is participating, and no one student is 
doing all the work or being left out One way to do this, as Ms. Boototee dem o ns trat e d, is to 
assign each studem to the group to a part^^ 

their progress at the end of each ciass period. Teachers may also need to provide 
guidance to groups that "get stuck* in the n^ckfie of the problem-solving process. Teachers 
can provide hints about solutions, or may suggest a number of tasks that may help the 
group proceed, such as brainstorming, taJdng with other groups about methods that they 
are trying, or attempting to use materials in efferent ways. 
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3. Sharing as a Whole Class 

After a period of smal^group Interaction and exploration, the students should be 
reconvened for a time of sharing. Students may have invented many ways to reach a 
viable solution, and should be encouraged to discuss their strategies and discoveries. This 
subsection includes the following: 

A. characteristics of effective whole-class discussions, 

B. implementing whole-class sharing in a problem-centered lesson, and 

C. the teacher's responsibilities during whole-class discussions. 

A. Characteristics of Effective Whole-Class Discussions 

A goal of class discussion is consensus; students attempt to agree on solutions which 
make sense to all of them. When implementing this phase of a problem-centered activity, 
teachers will find that the success of a whole-class discussion is almost entirely dependent 
on their own behaviors as facilitators. Whole-class discussions which follow small-group 
exploration are most effective in helping students negotiate acceptable conclusions when 
aU students are given an opportunity to share their small-group experiences and their ideas 
about the solution, actively Bsten to and consider others' contributions, and are allowed, if 
they wish, to use the chalkboard, overhead projector, manipulatives, or other materials to 
clarify their explanations (adapted from Brilhart, 1 986). 




B. Implementing Whole-Class Sharing In a Problem-Centered Lesson 
The use of a whole-class dscussion In a problem-centered lesson is best represented 
by the following excerpt taken from a study by Yackel, Cobb, Wood, Wheatley and 
Merkel (1990). The excerpt also demonstrates the supportive role of a teacher in a 
problem-centered mathematics activity. 

The class was working on a whote-dass activity in which the teacher asked 
the children to try to figure out the answer to 9 * 9 + 9 without counting. The 
first child to offer a solution added 10 plus 10 plus 10 and then subtracted 
tome ones to get 27. The next solution was offered by Itike. 
take: I changed one 9 to 10 and one 9 Into a 17 and then I took 
away one 9 and then I came up with 27.' 

Instead of treating this as a confused and muddled manipulation of numbers, the 
teacher assumed that Mike was attempting to communicate meaningful thinking. First 
she signaled this assumption with her comments, and then she proceeded to try to 
figure out what Mike might have been trying to say: 

Teacher: "Did you hear that, Jennie? Run that - okay, now listen I 

may need your hep. [to Mike] I want you to say it again. 

You said you took one 9 and turned it into a 10.' 
Mike: "And I took nine— I took seven . . . — and changed the 

second 9 into a 17* 
Teacher: "Change that [pointing to the second 9] into a 17." 
mm: "And I took away that last 9 into equals and then I came 

up with 27." 
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Again, the teacher might assume that Mike does not know what he is talking about. 
However, she continues to assume that what he did made sense to him, and helps him 
develop an explanation that might make sense to the other children. 



Adam: 

Teacher: 

Students: 



Students: 
Teacher: 



[to the class] "Do you see how he cBd it? 

a He took away ^ away from the last 9 and put it to that [the 

first 9]. Added that 8 to the 9 and got 17. 

"Lets take a look at this part of it {pointing to the last two 9s]. 

What's 9 + 9T 

fin unison] 18. 

18. Okay. He knew that 9 and 9 made 18. Okay, he knew 
that Now, he took 1 away from 18 and what does that give 
us? 

fm unison] 17. 

"17, and he took the 1 that he had over here. . . and he added 
ittotNs9 (the first 9) and that made 10. Thatwasawayto 
figure it out* (pp. 16-17) 



The way in which the teacher pursued the discussion with Mike was viewed by Yackei, 
et ai. (1990) as having several positive effects. By not Judging Mike as incorrect but 
rather assuming that he was engaged in meaningful activity, the teacher helped Mike to 
reflect on his solution, thereby attempting to evaluate it himself. In addition, the entire 
class had the benefit of thinking through another solution method. Students may then 
have considered the viability of their own answers. Thus, during a time of whole-class 
sharing, the teacher and the students were involved together in negotiation to construct 
concepts which made sense. 
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C The Teacher's Responsibilities 

Successful, whole-class sharing after a prebtem-centered activity requires the teacher 
to do the following: 

• withhold Judgment or evaluation of students' suggestions, 

• make it dear to the students that s/he assumes their solutions make 
sense, 

• help students filter out irrelevant information or observations, 

• encourage students to explain and elaborate upon their suggested 
solutions, 

• reassure students that s/he will help them as they try to verbafize their 
solution attempts, and 

• assist students to reflect on their answers and attempt to evaluate them 
for themselves. 

Students may disagree about methods and solutions, but if the students are given enough 
time to explain their procedures dearly, olscusston with other students wiy usually reveal 
whether methods and conclusions are acceptable or not (Wheatley, 1991). Thewhole- 
dass discussion Is also an appropriate format for the teacrw to irrtnxiu^ 
terminology, which the students are then encouraged to use when dscussing their 
methods and results (Knight, Aftman, Carpenter, & Rachelson, 1990). 




4. Assessing Student Learning 

Although assessment need not take place after every lesson, the last component of a 
problem-centered approach is to assess students' achievement, skills, and understanding 
of the concepts. All classroom assessments should accurately measure how well the 
students and teacher have achieved the goals of the lesson (Archbald & Newmann, 1988; 
Siavin, 1988). Traditional multiple-choice, filMn-the-blank, and matching questions on 
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tests are inadequate for assessing the goals of a problem-centered lesson. Traditional 
tests have been faulted for neglecting the lands of competence expressed In authentic, 
'real fife' situations beyond school— speaking, writing, reading, and solving mechanical, 
biological, or civic problems" (Archibald and Newman, 1988, p. vi). According to 
Resntak (1 987) "most current tests favor students who have acquired tots of factual 
knowledge and do- little to assess either the coherence and utility of that knowledge or 
the students' ability to use it to reason, solve problems, and the like" (p. 34). 
Development of higher-order thinking skills Is not encouraged by such tests, and 
students focus more on making a high score than on understanding the material. 

The following Information deserves consideration when deciding on appropriate 
assessments: 

A. characteristics of effective forms of assessment, 

B. possibilities for creating and modfying assessments, and 

C. the teacher's responsibilities. 

A. Characteristics of Effective Assessments 

Due to the inadequacies of traditional assessments and the broad objectives of a 
problem-centered lesson, alternative assessment strategies are more appropriate for 
problem-centered activities. Raizen et al. (1989) suggest the following guidelines for 
ideal assessments in a science classroom. These could be modified and applied to 
mathematics as well: 

* Assessment exercises would be indistinguishable from good instructional tasks. 

* Exercises would include hands-on performance tasks to allow students to 
demonstrate their proficiencies in laboratory and science thinking skills. 

• Assessments would strive to probe the student's depth of understanding as well 
as mastery of a body of knowledge. 

• The emphasis would be on both the approach and the product, on how an 
answer was obtained or a hands-on activity carried out, and on the "correctness" 
of that answer or performance, (p. 54) 

B. Possibilities for Creating or Modifying Forms of Assessment 

Many assessment strategies can be implemented during or after a problem-centered 
activity. The following possibilities are discussed in this section: 

□ individual activities, 

□ observation, 

O appropriate testing, 

□ problem-solving measures, and 

□ small-group activities. 
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O Individual Acthrftfes 

Some alternative assessment techniques that might be more appropriate for 
problem-centered (earning include the following: 

• journals 

• essay tests 

• portfolios of student progress 

• project presentations 

• original experiments 

• presentations of models 

• oral interviews 

Such assessments may allow individual students to demonstrate their problem- 
solving abilities in ways which simulate the application of mathematics and 
science in real-world situations (Lawrenz, 1991). 
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□ Observation 

During the assessment process, teachers can also record observations of each 
student's behavior and participation during problem-centered teaming activities. 
One way the teacher can do this is to carry index cards during the day and make 
brief notes about students' behaviors. These observations can be made during 
problem-centered activities and later during other assessments, such as 
presentations. Teachers can review these at the end of the day to 
comments and file the cards for future use in assigning grades (Raizen et al., 
1989). 
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D Appropriate Testing 

As testing is still a necessary form of assessment in a classroom, the following 
Questions may be helpful when creating or reviewing science or mathematics tests: 

• Are problems included that expect students to think about and analyze 
situations? 

• Does the test include sets of problems that allow students to use more than one 
step to arrive at a solution? 

• Are problems with more than one correct solution or with open-ended solutions 
included? 

• Do opportunities exist for students to formulate problems and use their own 
data? 

• Are students expected to use a variety of approaches to solve a problem? 

• Can thinking and practice skills be assessed through exercises calling for hands- 
on activities? 

• Does the test include problems that contain purposely missing or mistaken 
information and that ask students to find errors and critique the problem? 
(Raizen etal., 1989, p. 63). 

• Are students given credit for their methods as well as their answers? 
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If a teacher chooses testing as a form of IV dividual assessment, the tests can be 
more revealing if they are designed to pinpoint students' misconceptions, as well 
as understandings, of science and mathematics concepts. Misconceptions are 
difficult to diagnose with standard classroom tests, but tests which ask students 
to explain what they were thinking when they gave an explanation provide 
opportunities for students to express misconceptions and for teachers to identify 
them (Almy & Genishi, 1979). 

□ Problem-Solving Measures 

When attempting to assess problem-solving skills, the teacher may present a 
series of problems with varying structures or amounts of information. The 
teacher can request that students write only in pen so that all the steps they use 
to solve a problem can be reviewed. Observations of students working in groups 
will also be useful for this purpose (Raizen et at., 1989). 

Archbald and Newmann (1988) propose the use of essay and oral examinations 
to assess problem-solving skills as wen as content knowledge. For example, 
after a unit on ecology and pollution, a teacher could request an oral or written 
response to the following problem: 

Mary Is going to hike into a take in the Oregon Cascades. Fifteen 
years earlier, Mary had been to the same lake to conduct a sijdy 
for the Oregon Fish and Wikfflfe Commission, At that time the lake 
was a typical high mountain lake surrounded by coniferous trees on 
three sites and some alders, birches, art maples on the more 
level, meadow side of the lake. The lake had been a favorite 
fishing spot for her father and grandfather, producing many shrimp- 
fed rainbow trout. She learned that crawfish from the lake were 
good bait for the fish. 
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Describe the changes you think might have occurred in the plants 
and animals of mis environment if add rain had significantly 
affected the area (p. 14). 

Archbald and Newmann recognize that time constraints make these types of 
tests difficult to use, but suggest that assessments which are designed primarily 
to measure problem-solving ability can be staggered throughout a course of 
study, by assessing only a few students at a time. 
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□ Small-Group Activities 

When assessing the work of student groups, using small-group activities for 
assessment as well as for instruction is pedagogicalty sound and practical. 
However, when students are working together, it may be difficult for teachers to 
quantify learning outcomes and assign marks or grades to individuals. The 
responsibility for participation and learning rests largely with the students, but the 
teacher must still assess whether learning is taking place in a group. 

With some creativity from students and the teacher, a variety of group 
assignments are possible. A small group could, for instance, 

• conceive of and conduct an experiment for the class, 

• produce a scrapbook or comic book which describes how they solved a problem, 

• plan and teach a mathematics or science lesson to the class, or 

• develop books for use in teaching science or mathematics concepts to younger 
children. 
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The teacher may choose to give one grade for the project to the whole group, 
and use a different assessment tool to assign ircfivtduaJ grades. 
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C. The Teacher's Responsibilities 

With any lesson, a teacher is expected to choose assessments which are appropriate 
for the goals and design of the lesson. When assessing student learning after a 
problem-centered activity, teachers will want to carefully consider the combination of 
assessments which will reveal the most about students' acquired and deficient 
knowledge and skills. Designing new and alternative assessment strategies can be 
time-consuming for the teacher, and may initially mm to be more trouble than it is 
worth. However, much of the enjoyment and autonomy which a problem-centered 
activity can provide for students may be forsaken if the students must still worry about 
memorizing the definition of a concept or about getting the right answers on a test 
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SECTION III 



Mathematics and Science Education Programs 

AIMS 

The AIMS program uses a model of learning which includes "real world" experiences for 
students, oral and written communication, pictorial or graphic communication, and critical 
thinking. Useful for enriching the entire curriculum, AIMS was developed for use in teach- 
ing mathematics and science. Its emphasis on such skills as observation, illustration, 
analysis, and application make it easily adaptable to the goals of a problem-centered class- 
room. 

AIMS Educational Foundation 
P. O. Box 8120 
Fresno, CA 93747 
(209) 255-4094 

Hands-On Elementary Science 

Hands-On Elementary Science is a curriculum which teaches science concepts to 1st 
through 5th grade students. It emphasizes the development of science processes through 
the use of problem-solving activities. Four units are introduced at each grade level with 
topics such as seeds, insects, electricity, and bio-communities. The program Includes 
curriculum guides and materials kits. 

Dean A. Wood 

Dissemination Center for Hands-On Elementary Science 

Hood College 

Frederick, MD 21701 

(301) 663-3131 ext. 205 & 350 

Informal Science Study (IfSS) 

IfSS provides 5th through 12th grade teachers with mini-units on various physical science 
concepts such as acceleration, forces, gravity, time, and conservation of energy. Concepts 
are presented by relating them to concrete experiences such as amusement park rides, 
sports, and playground games. Student dialogue is emphasized, and science terms are 
not defined until after students have explored the concept 

Howard Jones 
Project Director 
National Training Network 
1140 Boston Avenue 
Lor^mont, CO 80501 
(303)651-0833 
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JEFFCO Middle School lift Mm* Program 

This is a fuH-year life science curriculum for 7th and 8th grades. It emphasizes a 
teaming cycle of expiration, concept formation, and application and encourages the 
development of thinking skills when learning science concepts, Textbooks and 
materials are designed for use in a classroom that contains basic laboratory equip- 
ment. 

Sharon Close 

Jefferson County Public Schools 
1829 Denver West Drive, Building 27 
Golden, CO 80401 (303) 273-6561 



Life Lab Science Program 

The Life Lab Science Program, developed by elementary teachers in Santa Cruz, 
introduces science as a way to solve problems. Based on the idea that gardening 
can be adapted to many science lessons, students and teachers collaborate to 
transform their school grounds and/Or classrooms into garden laboratories; they can 
create outdoor gardens, Indoor grow boxes, and even a one-acre farm. Students 
participate in such activities as analyzing the nutrient content of soil, producing 
compost for fertilization, and planting and harvesting vegetables. 

Lisa D. Giick 
Program Director 
11 56 High Street 
Santa Cruz, CA 95064 
(408) 459-2001 



Project WILD 

"Project WILD is an interdisciplinary, supplementary environmental and conservation 
education program* for all grade levels (Project WILD, 1983, p. ffl), which teaches 
students about the relationships between humans, wildlife, and Earth. With Project 
WILD activities, students discuss, brainstorm, play games, observe their environ- 
ment, ami more. Many aspects of this program are adaptable to a problem-centered 
approach. 

Western Regional Environmental Education Council 
Salina Star Route 
Boulder, CO 80302 
(303)444-2390 
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The following programs are described In 

Lee, C. a (Ed.). (1991 ). Mathematics education programs that work: A collection of proven 
exemplary eauca^onal programs and practices in the National Diffusion Network. 
Washington, D. C: Office of Educational Research and improvement 

Comprehensive School Mathematics Program (CSIIP) 

CSMP uses game-ike and story settings to lead students (grades K-6) through problem- 
solving activities, Flexible enough to use with whole class, small-group, or individuaBzed 
instruction, CSMP sequences the content of its curriculum so that students experience math- 
ematics as a spiral of Interlocking experiences." 

Clare Heidema 

Director 

CSMP 

12500 E. Ififf Avenue, Suite 201 
Aurora, CO 80014 
(303) 337-0990 



Decision-Making Math (DMM) 

"Decision-Making Math is a supplementary program designed to teach 7th, 8th, and 9th grade 

students a step-by-step plan in order to solve math problems successfully A variety of 

methods is used to ensure understanding, such as: questioning and planning, interpreting and 
verifying, solving problems within a cooperative teaming environment, organizing and manipu- 
lating data, and analyzing and applying solutions. All emphasis throughout the program and 
the training is on process rather than solution (p. 9)." 

Laura Dunn 
KristineA. Shaff 
Co-directors 

Education and Technology Foundation 

4655 25th Street 

San Francisco, CA 941 14 

(415)824-5911 



Sci-Math 

"Sci-Math uses the mathematics of rates and ratios to simplify and unity problem-solving in 
science, mathematics, and everyday fife (p. 14)." As a supplement to science or mathematics 
curricula in 7th through 12th grades, Sci-Math uses activities related to school, home, or play 
to teach the technique of factor analysis or labelled rates and to apply it to meaningful prob- 
lems. 

James P. McAuHffe 
Sci-Math Director 

Education and Technology Foundation 

4655 25th Street 

San Francisco, CA 941 14 

(415)824-5911 39 47 



SITE: Successful Inservtee through Turnkey Education 
SITE is a mathematics inservice program for 2nd through 6th grade teachers (and their 
students) which uses a problem-solving, hands-on approach to teach higher-level thinking 
skills and new mathematical concepts. "Since teachers teach as they were taught,* the 
program uses processes and activities which are immediately applicable in the classroom 
as trie Instructional model. SITE activities are readily integrated into the existing school 
mathematics curriculum and mesh with every textbook." 

Dr. Barbara Barman 

Dr. Fredda J. Friederwitzer 

Co-directors 

Project SITE 

Educational Support Systems, Inc. 
Staten island, NY 10314 
(718) 698-3636 



Sound Foundations 

Sound Foundations was designed for use with remedial or basic skills high school math- 
ematics classes, but can be adapted to 7th and 8th grade programs. Sound Foundations 
replaces the tradffional mathematics curriculum with a simulation game that explores topics 
such as measurement, graphing, and consumer mathematics. Students become managers 
of a rock band, are given a budget of $41 ,000, and must manage the band's finances while 
organizing concerts, publicity, and record sales. 

Robert Gerver 
North Shore High School 
450 Glen Cove Avenue 
Glen Head, NY 11545 
(516) 671-5500 



For descriptions of other education programs, see 

Sivertsen, M. L (Ed.). (1990). Science education programs that work: A collection of 
proven exemplary educational programs and practices in the National Diffusion 
Network. Washington, D. C: Office of Educational Research and Improvement. 
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Resource Books and Catalogs 



National Center for Improving Science Education. (1991). Resource guide: Mathematics, 

science, and technology education. Washington, D. C: Author. 
This resource guide provides an annotated list of organizations, associations, and publications 
offering useful information and assistance to improve mathematics, science, and technology educa- 
tion, it also lists resources on improving equity in education. Resources include publications from 
educational organizations, ERIC, the Educational Testing Service, NASA, the U.S. Department of 
Energy, the National Science Foundation, the National Research Council, and others. 



National Science Resources Center. Science for children: Resources for teachers. Wash- 
ington, D. C: National Academy Press. 

The National Science Resources Center compiled this annotated elementary science resource 
guide from their computerized database of science curricula and teaching materials, ft includes 
curriculum materials for teaching We, earth, and physical science, health, and human biology. Lists 
of science activity books and magazines for children and teachers are also included. A resource 
guide for middle school science teachers Is under development Available for $9.95 (less for quan- 
tity orders) from the NatJonrJ Academy Press, 2101 Constitution Ave., Washington, DC 20418 (202) 
334-3313 



Sunburst Communications 
1101 Castelton Street 
Pleasantvflle, NY 10570-3498 
(800)628-8897 
(914)747-3310 

This free catalog advertises computer software for teaching all subject areas at any grade level. 
Computer programs for teaching problem solving strategies using such activities as logic puzzles, 
simulated manufacturing, or building a gear factory are available. Simulated science experiments 
are described such as keeping outer space creatures alive in the classroom, creating planets, or 
growing plants under various conditions. The software may be used as problem-centered learning 
activities or can provide teachers with ideas for lessons. 



Tom Snyder Productions 

90 Sherman Street 
Cambridge, MA 02140 
(800)342-0236 

This free catalog describes activity books, laser dsk and computer programs, and other tools to r 
teaching any grade level. Problem-solving activities can be found In such activities as mystery- 
games which use mathematics, videotapes that encourage cooperative learning, and a simulation 
of a geological expedition. These activities may be used to create problem-centered lessons or to 
help students search for solutions. 
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Textbooks and Activity & 



ScferweLeboretory Activities. (1990). Fort Lauderdale, FL: Broward County Public 
Sjcnoots* 

This is a set of activity manuals tor grades kindergarten through eight which were devel- 
oped for the Science is Elementary program in Broward County, Florida. Each manual 
includes exploratory experiments appropriate for the grace level which correspond with 
state minimum basic skills. The fourth grade manual, for example, includes problem- 
centered lessons such as determining the activities of another classroom by looking at Its 
f arbage, or exploring static electricity using balloons and cereal. 



Sana, Ml (1989). Discovering geometry: An Inductive approach. Berkeley: Key 
Curriculum Press. 

Geometry students can use this textbook to "create' geometry for themselves as they 
proceed through the activities and problems." Lessons are designed so that students form 
and test their own definitions, discover properties of geometric figures, solve logic prob- 
lems, and develop visualization skills. Group project suggestions include making kaleido- 
scopes, designing a racetrack, and finding the height of the school building, and each 
chapter ends with a problem-solving exercise related to living in a lunar colony in the 21 st 
century. 



Smith, E., Bteckmer, M., & Schllchtlng, S. (1987). Super science sourcebook, idea 
Factory, inc. 

This activity book describes a multitude of elementary science activities that can be used to 
explore concepts in earth, physical, and Ofe sciences. Also included is a section on teach- 
ing investigation skills such as observing, inferring, classifying, and graphing. Some repro- 
ducible materials are provided for certain lessons. These activities can be used to teach 
with a problem-centered approach. 



U. 5. Department of Education. (1991). Helping your child hem science. Washing- 
ton, D. C: Author. 

Designed to provide parents with some simple science activities that can be tried at home; 
this book could easily be used In an elementary classroom as well. Activities include using 
soap to power a paper boat, growing mold, and discovering adhesives at home and in 
nature. Each activity includes a fist of suggested materials, and each is followed with 
questions for children about what they saw or experienced. These activities could Intro- 
duce a number of problem-centered lessons in the classroom. 

Order free from R. Woods, Consumer Information Center, Pueblo, Colorado 81009. 
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Winter, M. J., Lappa*, G., Phillips, £, and Fitzgerald, W. (1986). Spatial visualization. 

Memo Park, CA: Addlson-Wesley. 
This activity book was developed by the Middle Grades Mathematics Project, which is a 
curriculum program for grades 5 through & The instructional model used by this project is 
a launch, explore, and summarize" approach in which the teacher introduces a challenge, 
students explore solutions using problem-solving strategies, and the whole class discusses 
their findings. Each lesson provides suggestions on what the teacher can do, say, and 
expect when encouraging students to discover solutions to problems. 
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Other Publications 

Alabama State Department of Education, Division of Student Instructional Services. 
Cooperative banting: Training manual Montgomery, AL: Author. 

This teacher training manual provides a wealth of Information about the theory of coopera- 
tive learning, the steps for planning and implementing cooperative lessons, how to teach 
cooperative skills, different ways to use cooperative learning in the classroom, and how to 
evaluate cooperative projects. The manual also provides forms and checkfists for teachers 
to use, a glossary of key words, answers to commonly asked questions about cooperative 
learning, and an extensive bibfiography for more information. This manual may be helpful 
in implementing the small-group portion of a problem-centered lesson. 



Biological Sciences Curriculum Study. Implementation guide: Science for life and 

living: Integrating science, technology, and health. 
This implementation guide for the Science for Life and Living program can be a useful 
resource for systemic change in the teaching of science. It includes suggestions for man- 
aging cooperative teaming and for implementing assessment changes and staff develop- 
ment programs. The information providei "X>uld be used to implement a problem-centered 
approach in a school. 



Available from the National Council of Teachers of Mathematics: 

Curriculum and evaluation standards tor school mathematics. (1989). Boston, 
VA:NCTM. 

Designed to establish a broad framework which will guide reform in school math- 
ematics, this book contains a vision of what K through 1 2 mathematics curricula 
should include in terms of content priority and emphasis. As school staff, school 
districts, states, and other groups formulate new ideas, they are encouraged to use 
these standards as criteria. 



Professional standards for teaching mathematics. (1991). Reston, VA: NCTM. 
This publication is a companion to the Curriculum and Evaluation Standards for 
School Mathematics. It spells out what teachers need to know to meet the new 
goals for mathematics education, and how teaching should be evaluated for the 
purpose of improvement. The standards rest on the following two assumptions: 1 ) 
teachers are key figures in changing the ways in which mathematics is taught and 
learned in schools; and 2) such changes require that teachers have long-term sup- 
port and adequate resources. 

Reports are available by mailing $25.00 per report, or $42.50 for the set, to the 
National Council of Teachers of Mathematics, 1906 Association Drive, Reston, VA 
22091,(703)620-9840. 
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Teaching Thinking and Problem Solving 

This is a newsletter published by Research for Better Schools which is "devoted to theory, 
research, and practice related to thinking skills." Feature articles on such topics as how to 
implement a thinking-skills program into the curriculum are included; the newsletter also 
provides a calendar of related conference events, and book reviews on thinking and prob- 
lem solving in education. 

Subscriptions to this newletter are available for $28.00 per year (6 issues) from LEA, 365 
Broadway, Hillsdale, NJ 07642 (201) 666-4110 
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APPENDIX 



LEARNING STYLES INVENTORIES 

The following exercises can be used to determine the teaming styles of a class of students. 
Information about each student's style of teaming can be used to group students more 
effectively, help tne teacher choose appropriate instructional techniques, and assist in the 
design of effective problem-centered lessons. The two inventories are based on the theory 
that students prefer to learn through one of three approaches: 

visual (prefer to read or look at films or pictures), 
auditory (prefer lectures, audiotapes, and recitation), or 
kinesthetic (prefer writing and hands-on activities). 



The following inventory is from Baxter, W. Test for three types of learners. 
To give this test, you need the following: 

1 . A group of not more than 1 5 students, as It is difficult to observe more than that number 
of students at one time. 

2. A list of the students' names, beside which you can record their reactions. 
Reactions to watch for: 

VISUAL LEARNERS will usually close their eyes or look at the ceiling as they try to recall a 
visual picture. 

AUDITORY LEARNERS will move their lips or whisper as tr^ y try to memorize. 

KINESTHETIC LEARNERS will use their fingers to count off items or write in the air. 

The test consists of pretending that the students are going to the store to buy a few things. 
First, you will WRITE the list on the board, allowing the students to watch you, but they 
must not copy it. Next, you will give them a list ORALLY. You will not write it and neither 
must they. Then, you will dictate the list to them ORALLY and they will write ft down. 

After each presentation, you will ask your students to repeat the list to you if they wish. 
Responses to your request should be voluntary and the list does not have to be given back 
in order. The following presentations are suggested. 

First Presentation 

LIST: Toothpaste, Soap, Kleenex, Comb, Stationary 

1. Write the Bst on the board while the students are watching you. Do not let them write. 
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2. Afow students to view the Wtor^jproxlmairtjrwteirtnule. Observe their reactions. As 
you notice a student's reaction, mark V, A, or K after his/her name. 

a Erase the 1st 

4. Ask "WhowouU ike to repeat the items to mer 

5. Observe that the visual learners will wave their hands enthusiastically. 

6. Call on them to recite orally, one at a time. (Note that after a few students have recited, a 
few rnore timid hands will go up. These usually are audrtory learners who have teamed the 
fist, not from seeing it, but from hearing the other students say the items.) 

Second Presentation 

LIST: Folded Paper, Talcum Powder, Nail Rib, Cough Drops, Shaving Cream 

1. Dictate the list orally (no writing by either teacher or students). Repeat the delation a sec- 
ond time, pausing for a moment after each item. 

Z Observe the students' reactions. Make the appropriate notation of V, A, or K after the 
students' names. 

3. Ask "Who would fike to repeat the list? 

4. The auditory learners will be the most eager to respond, although other students will try to 
repeat the items you have dictated. 

Third Presentation 

LIST: Lipstick, Band Aids, Razor Blades, Cough Syrup, Fountain Pen 

1. TeH the students to have pencil and paper ready to write the fist as you dictate it oralfy. Tell 
them you will not count spelBng, or you can spelt the words as you delate. 

2. After you have finished dictating the fist, tell the students to rewrite the list. They may took 
at the one that they have written from your dotation. 

3. When they have finished rewriting the list, tell them to turn the paper over and write the fist 
from memory. 

4. After they have finished, check to see which students have been able to repeat the 1st 
wholly or in part 

5. Notice rf students who were unsuccessful in either the first or second presentation of the 
test are frequently the first ones finished in this presentation. These are the kinesthetic 
learners. 
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After you have finished these three presentations, repeat the same procedures using num- 
bers instead of words. Use three, four-digit numbers in each list. 



Learning Channels Inventory (for older students) 

Ask your students to answer "yes" or "no" to each of the following questions: 

1 . Do you prefer to read about something first when learning it? 

2. Do you say the words to yourself when reacting a book or questions on a test? 

3. Do you prefer to work with "the real thing" while teaming? 

4. When you Seam something new, do you prefer to team by seeing a filmstrip or film? 

5. Do you remember things best by closing your eyes and seeing them in your mind? 

6. Do you prefer to draw, paint, or trace things that you are (earning? 

7. Do you remember things best by hearing them first? 

8. Do you learn by listening to tapes, the radio, or records? 

9. If you were teaming measurements in math, would you prefer to team them by doing 
an activity like cooking or carpentry? 

When you study something to remember it, do you prefer to 

10. write it down? 

11. say it to yourself? 

12. read it? 

When you are learning something new and really want to understand it, how do you prefer 
to learn it? 

13. By playing a game? 

1 4. Listening to the teacher explain it? 

15. Seeing a movie about it? 

Students who are visual learners will have answered yes to most of the following numbers: 
1,4, 5, 12, and 15. 

Students who are auditory learners will have answered yes to most of the following num- 
bers: 2, 7, 8, 11, and 14. 

Students who are kinesthetic learners will have answered yes to most of the following 
numbers: 3, 6, 9, 10, 13. 

To find out more about learning styles, the following publication may be helpful: 

American Association of School Administrators, (1991). Learning stylos: Putting 
research and common sense Into practice. Arlington, VA: Author. 

This book summarizes research on teaming styles, reviews how schools are preparing staff 
to integrate knowledge about teaming styles, and discusses how research and common 
sense are actually being applied in the classroom, ft provides descriptions of exemplary 
school programs that are sensitive to teaming styles, discusses strategies for implementa- 
tion, and answers teachers' questions about the use of teaming styles In the classroom. 
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